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ABSTRACT 



A system and corresponding method fox steering stimulus 
pulses to one or more selected cardiac sites are disclosed. An 
apparatus and corresponding method permit improved cap- 
ture and easy adjustment of the stimulus pulse when the 
threshold level changes, without simply increasing stimulus 
power or replacing the imp! anted lead. Substantially con- 
current pulses may be delivered across one, two or more 
anode electrodes and a corresponding common or cathode 
electrode, where the pulse amplitude, pulse duration or pulse 
phase characteristics of each individual component pulse are 
adjusted to permit the resulting composite pulse to be 
steered or directed towards a desired target cardiac site. 
Different einbodiments of the apparatus and corresponding 
method include those which permit the steering of pacing 
pulses in the left atrium or in multiple chambers* use of an 
improved single lead system haying electrodes floating in 
the atrium, steering of atrial pulses to provide an enhance- 
ment of a VDD system, steering of atrial or ventricular 
defibrillation gtfimiK, and steering stimuli for arrhythmia 
prevention. In yet other embodiments, the steered pulse 
system is combined with capture detection and antomfltic 
adjustment of the steering parameters. 

42 Claims, 21 Drawing Sheets 
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SYSTEM AND METHOD FOR MULHSITE 
STEERING OF CARDIAC STIMULI 

This application claims the benefit of the filing date of a 
U.S. provisional application entitled "A Method and Appa- 5 
ratus to Steer Multisitc Pacing or Defibrillation Stimulus" to 
Thompson et al. filed Jun. 18, 19%, having Provisional U.S. 
patent application Ser. No. 60/020,421 and Attorney Docket 
No. P-4641. 

10 

FIELD OF THE INVENTION 

The present invention relates to the field of systems and 
methods of cardiac stimulation, and more particularly to 
cardiac pacing and defibrillating systems having the capa- 
bility to steer pacing or defibrillation pulses or stimuli from 13 
one or a plurality of leads to selected cardiac stimulation 
sites. 

BACKGROUND 

Efficient and reliable delivery of pacing and defibrillation 
pulses to a desired cardiac site is known to be of great 
importance. A great amount of effort has been expended in 
recent years to improve the efficiency and reliability of such 
systems. For example, significant inurovemeats have been 
made in high efficiency batteries, low power consumption 25 
chip circuitry and program mability for optimizing pacing 
thresholds. Nevertheless, those improvements have not pro- 
vided a completely adequate solution to the persisting prob- 
lem of the relatively short battery life that characterizes most 
pacemakers and defibrillators owing to the heavy battery 
drain rates characteristic of such devices. 

If energy from a lead is delivered inefficiently to a cardiac 
site, a greater effective threshold for capture results which, 
in turn, increases power drain and decreases pacemaker 35 
longevity. Where failure to capture occurs a desired pacing 
function is simply not perfonned. Backup circuitry and 
software may detect loss of capture and respond by deliv- 
ering pacing pulses of greater energy. This approach, 
however, leads to other problems such as patient discomfort ^ 
and annoyance resulting from the higher voltage levels, and 
the need to reprogram the pacemaker: 

Id implantations of conventional pacemakers, and espe- 
cially in implantations of single dumber rwrmatm, a 
suitable chronic threshold may be obtained by carefully ^ 
anchoring the distal tip of the lead to the patient's heart wall 
by mring a tincd lead or other fixation ">enn< and then 
reprogramming the pacemaker soon thereafter to obtain a 
satisfactory chronic threshold. In the case where only one 
site is being stimulated and the electrode is anchored close $q 
to an optimum pacing she, the problem is minimal 

In a dual chamber pacemaker system a second lead may 
be mtroduced into the atrium and anchored. However, this 
complicates and lengthens the implant procedure and results 
in two thresholds having to be programmed. One answer to 35 
this problem is provided by the VDD pacemaker system 
with a single lead, the lead having a conventional unipolar 
or bipolar electrode arrangement disposed at its distal end, 
and a pair of "floating" electrodes positioned in the atrium. 
Hie floating atrial electrodes are not actively affixed to the 60 
atrial wall and consequently cannot provide the performance 
equivalent to active fixation electrodes. As a result, floating 
dectrodes typically sense atrial signals reasonably wen but 
cannot deliver effective pacing pulses. 

Although some attempts have been made to design float- 65 
ing electrodes that will effect atrial pacing, those attempts 
have not met with great success due to the physical distance 



between the dectrodes and the intended atrial pacing site. In 
short, whenever electrodes are not well anchored at the 
pacing site the problems of achieving and maintaining an 
efficient pacing threshold are magnified. 

The advent of certain newer types of pacing systems has 
further magnified the problem of achieving efficient pacing 
where the pacing electrode cannot be affixed directly to the 
desired pacing site. One such system is a biatrial pacing 
system, where sensing and stimulation of the right and left 
atria improves the cardiac output of patients with inappro- 
priate intra-atrial delays. 

Some aspects relating to the bi-atrial pacing system are 
described in U.S. Pat No. 5,414,161, herein mccaporated by 
reference in its entirety. The ' 161 patent discloses right atrial 
sensing and pacing using conventional endocardial active 
fixation leads implanted in accordance with conventional 
right-sided DDD pacing practice. Left atrial sensing and 
pacing is typically accomplished by introducing either a 
tined endocardial lead or a lead such as the Medtronic Model 
No. 2188 lead near the left atrium via the coronary sinus. 
The Model No. 2188 lead is described in U.S. patent 
application Ser. No. 08/639,458, filed Apr. 29, 1996, incor- 
porated herein by reference in its entirety. 

It is known that coronary sinus leads are difficult to place. 
Furmermore, it is often difficult to find an initial location in 
the coronary sinus where an adequate threshold may be 
obtained. Those difficulties during Implantation result in 
lengthened procedures, patient m'scomfort, increased costs 
and higher thresholds. It is also known that coronary sinus 
electrodes often move or shift after implantation^ resulting in 
chronic threshold "shift". This often causes loss of capture 
and requires the patient's pacemaker to be repcogrammed to 
higher pulse amplitudes or widths. This, in turn, can result 
in a reduction in the longevity of the pacemaker, Repro- 
gramming the device often results in an inability to capture, 
or the provision of an inadequate safety margin. If so, the 
physician must reposition the lead during an additional 
surgical procedure, thereby increasing costs and risks of 
infection. 

Another potentially advantageous but infrequently used 
pacing system is the single lead DDD pacing system, where 
pacing and sensing are accomplished in bom atrial and 
ventricular chambers with a single lead having one or more 
electrodes. U.S. Pat No. 5,265,601 describes such a system 
for pacing the atrium and the ventricle from a single elec- 
trode positioned in the coronary sinus or deep cardiac vein. 
In such a system, stimulus amplitude is varied so mat the 
atrial pacing pulse has a relatively low amplitude and the 
ventricular pacing pulse has a relatively high arnplitude. The 
respective pulses are timed in accordance with the pace- 
maker's tracking of the cardiac cycle. 

While the foregoing system provides acceptable results 
under some conditions, premature atrial contractions 
(PACs), premature ventricular contractions (PVCs), 2:1 
block, oversensing of far-field R waves and the like can 
cause such systems to become confused, resulting in dis- 
rupted timing and loss of function. Additionally, the signal 
output in such a system is omnidirectional in respect of the 
electrode configuration. This results in threshold variation 
and low capture efficiency. Furthermore, due to the omni- 
directional nature of the signal, either the V or A pacing 
pulse may cause unintended stimulation of the opposing 
chamber if it is stimulated outside the refractory period. 
Finally, such a system limits the maximum AV delay to a 
value less than the refractory period of the atrial rnyocardial 
tissue, because otherwise the V pace pulse would stimulate 
the atrium 
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The ability to deliver stimulus pulses to desired locations 
with improved site resolution is desired in defibrillation 
systems and in Creating cardiac arrhythmias such as atrial 
tachycardia. What is needed is a system that provides the 
maximum flexibility and control without employing mul- 
tiple leads having anchored electrodes at each specific site of 
interest 

A method of stimulating the spinal cord is disclosed in 
U.S. Pat No. 5,501,703, incorporated herein by reference in 
its entirety. The '703 patent discloses a multichannel appa- 
ratus for epidural spinal cord stimulation based on the 
observation that a stimulation induced paresthesia pattern 
may be focus sed and changed by using multiple electrodes 
and rfmnging the parameters of the delivered stimulus 
pulses. The superposition of potential electric fields gener- 
ated by simultaneous stimulation provided by multiple pulse 
generators and corresponding electrodes results in a signifi- 
cant change in the size and shape of the «riwmlat«l spinal 
cord area. 

The *703 patent describes a lead as being implanted a few 
millimeters from the spinal cord with an electrode array 
disposed in the epidural space. Changes in the parameters 
corresponding to the individual stimulus pulses provides 
control over which nerve fibers adjacent to the electrode 
array are excited, and which are not While this technique 
has been found successful In the limited area of spinal cord 
stimulation, no similar application has been developed for 
pacing or cardiac stimulation. 

Pacing and defibtillating devices, systems and methods 
are well known in the art, some examples of which may be 
found in the issued US. Patents listed in Table 1 below. 

TABLE 1 



TABLE 1-continued 



Prior Art Pat en ts 



Patent No. Title 



Single Cathnar for Atrial and Vantaoohr SUi h i IiImwi 
C aulkweiu ng Device Bering Singh Iu ttuw uiUi Catheter 



3,825,015 
3524,536 

4,708,145 
4*834006 

4£80jOOS 
5/307,436 
50014,696 
5^916 
5,009,838 
5,163,427 

5, 174,288 
5,181,511 

5,199,428 

5,265,601 
3^69,298 

5^7U95 
5,281,219 
*306\291 
5,324,309 
5,531,764 

3^31,966 
5336053 



53*4,429 Pube Routing Apparatne for Cawflc m uiio n and 



Electrode Syatam and Method for to Vm 
Sfqnffttial-Pubo, Mnhipte Pathway Dnfflrfflatinci Method 

Treatment of "Ventricnlar ArrhyttaniBB 

Paccnnatar far Detecting and Terminating a Tachycardia 

Caidjovcnksi and Defib rination Lead Syatctn 

Endocardial DofibriUttwo BleetKxIe SYatem 

CaniirTrTk'n and Defibrillation Load Sye te m 

Subcardial Defibrination Ebctoode Syatem 

Apparatui for DeHvoring ^w^giw md Multiple CardaTvctston 

Method and Aiparatnt for Caidiac Drffrriftatinn 
Apparatni and Method for AiiliX* li^*nfii Pacing Uaiog ■ 
Virtual decocdo 

IinplaDtable Electrical Nta wu Sliimiltta^k^PanflTnatoy with 
Ltc.hrmia for Deoeaaing Cardiac Wxttoad 
Dual ^ t ** w ^*** Cairfian Pacing Rank a Single Electrode 
Atrial DnfflTflhrtnr and Method for Ptorkfing Syncbramcd 
Delayed Canfiovcsason 

Method and Appajatna for Rttrv4traprwrc CanEac Paring 
l^plrjpte ^iiiiM^**^*^ 1 Etocttodea 
Optimal Energy Steering for an Implantable Defibrillator 
Ovuri ^ppi ng PdHbb Csdlo^BSBiDn ca* Dafibrilbdxxi 
fanplaiitable rjefibrinafeor SyataoQ and aAe^hod Havn^g 
Succeaahra Otangeable Defibrillation Waveibfina 

ftiSfft-wiM afalrt-HVifffirvVt Smrii^ fiytwn, Mrthnrf 

and Pacer 

Pacing and Cardioversion Lead Systems with Shared Lead 



Prior Art patents 



Patent No. Title 



10 



15 



5370,665 Medical Srirmihtinn With Multiple Operational Amplifier 

Output ^^^^T^ it^fpTffi Cuvmtff 
5387,233 Iztrovenoos Cardiac lead with Improved Fixation and 

Method 

5,403351 Method and Transvenous Dr flhrill a tka i ^dk^ t ira ion 

Employing an Endocardial Load System 
5,403356 Method and Apparatus for Preventxxi of Atrial Itchy 

AnbythuuA 

5,423373 Device for Stimulating living Tissue 

5y*41325 Pacemato with Vasovagal Syncope Detection 

5,447319 Method and Apparatuo for DiacnrnmitiDD of Mcmc^anphic 

5,456,706 Cardiac Defibrillation Lead Having Defibrillation and Atrial 

Senaing Electrodes 
5301,703 Mnltifhwinfl Apparatufl for Epidural Spinal Cord 



5314,161 Methods and Apparatus for Controlling Atrial Stimulation 
m a Doable Atrial Triple Chamber Cardiac Pacemaker 
WO 95/1980 Multichannel Apparatus for Epidural Spinal Cord 
PCT 



25 



30 



All patents listed in Table 1 hereinabove are hereby 
incorporated by reference herein in their respective entire- 
ties. As those of ordinary skill in the art will appreciate 
readily upon reading the Summary of the Invention, 
Detailed Description of the Preferred Embodiments and 
Claims set forth below, many of the devices and methods 
disclosed in the patents of Table 1 may be modified advan- 
tageously by using the teachings of the present invention. 

SUMMARY OF THE INVENTION 

The present invention has certain objects. That is, the 
35 present invention provides solutions to problems existing in 
the prior ait The objects of the present invention include, 
but are not limited to, providing a pacing or drfihrillating 
system mat is capable of: 

(a) reducing the threshold required to stimulate the heart; 

(b) using power at a reduced rate respecting prior art 



40 



5^44,430 Method and Apparatu* for lezmmxtkn of Ventricular 
Tachycardia and "Vrintrirnlar Fibrillation 



45 



50 



55 



60 



65 



(c) continuing to steer pulses of electrical energy to 
specific optimum tntra-cardiac sites even though a lead 
shifts position in or near the heart; 

(d) employing fewer leads to pace or ttafihrfllatff the heart; 

(e) having a reduced physical size, but nevertheless offer- 
ing the same or better perf orman ce, respecting prior art 
paeernakers or defibriTlfltDrs; 

(f) pacing the atrium and ventricle using a single lead; 

(g) reducing the amount of medical b^rdwajr that must be 
irnpiantfd in a patient to obtain reliable pacing or 
defibrillation of the heart, and 

(h) reducing the amount of pain felt by a patient during 
atrial defibrillation owing to more accurate steering of 
defibrillation pulses. 

What is desired for cardiac applications is a system and 
ccrrespoDalngmemod to effective^ "steer" cardiac stimulus 
pulses so that they efficiently capture or defibrfllate a 
selected heart chamber, or otherwise control a cardiac 
armythmia. Such a system and method must take into 
account the fact that in cardiac applications the chambers are 
separate and are not similar to nerves aligned along a single 
spinal cord Rather, cardiac muscle tissue in one or more 
separate chambers must be stimulated without having an 
array of electrodes positioned substantially adjacent to the 
various stimulus target locations. 
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The present invention provides system and method A second embodiment of the present invention provides 
embodiments for pacing or otherwise stimulating one or for DDD pacing from a single lead, the lead having at least 
more cardiac sites from a proximately positioned set of two active electrodes and at least one common electrode 
electrodes, where the individual pulse parameters of a plu- positioned in the coronary sinus or deep cardiac vein. A 
rality of pulse components are controlled in such a manner 5 different two pulse component composite stimulus is gen- 
that the outputs are combined into composite stimulus crated for each of the ventricular and atrial pulses, re spec- 
pulses. The present invention permits efficient steering of tively. For the ventricular stimulus, a larger composite 
each such composite pulse to a selected site and adjustment amplitude is employed and pulse is steered toward the 
of steering parameters to adapt to threshold changes. By ventricle by appropriate adjustment of the parameters of the 
varying the field of stimulation over a range of cardiac areas, 10 pulse components delivered across each active electrode 
the present invention allows a quicker implant procedure with respect to the common electrode. For the atrial 
because the lead may be positioned in a general area such as stimulus, a smaller composite amplitude is employed and 
the left atrium or the coronary sinus. Later an optimum pulse parameters are varied to steer the resulting field toward 
threshold fox stimulating in one or more areas may be the atrium. Pulses may be timed in accordance with the 
selected and programmed through setting the various pulse 15 cardiac cycle, taking into account sensed signals from each 
parameters correspondiiig to each pacing or defibrillation chamber. The lead preferably has one or more additional 
pulse component of each composite stimulus pulse. sensing electrodes to enable disaimination of the direction 

In a general system configuration the present invention from which heart signals emanate such that any ambiguities 

provides at least one lead having three or more electrodes in respect of unusual signals such as PACs and FVCs may 

disposed thereon. During implantation the dectrodes are 20 be resolved In this embodiment of the present invention and 

positioned in a sdected area within or proximate to the heart, others, the automatic threshold determination feature is 

and the resulting composite stimulus pulse is targeted or preferably protected so that threshold variations may be used 

steered to one or more selected cardiac sites. In a simple to automatically adjust pulse steering parameters far opti- 

embediment of the present invention, three dectrodes arc mum prrft^rrnflncf ■ 

employed: two active electrodes and one common electrode is In yet another embodiment of the present invention a 

(or "ground") deliver two pulses, the two pulses being single pass lead is used for DDD made pacing, where the 

individual components of a composite pulse programmed to lead has one or two electrodes for pacing and sensing in the 

generate an electric stimulus steered toward a selected site. ventricle, and an array of floating dectrodes positioned in 

The various pulse component parameters are programmed the atrium for pacing and sensing in the atrium. The atrial 

Those parameters include pulse magnitude (either amplitude 30 array preferably has three dectrodes: two active electrodes 

or duration), polarity, and phase (timing). Each pulse is and one common or indifferent electrode. Different pulses 

delivered between one of the active dectrodes and the are delivered across each active/common pair, either simul- 

common electrode. taneousiy or with very little phase difference. Pulse param- 

In a more complex arrangement, the lead has a number of eters are adjusted as required to permit optimal **g of 

dectrodes (n) greater than three, and the electrodes are 35 pacing pulses for enhanced stimulation, 

controllabry connected through a switch matrix to be either In addition to the above embodiments of the present 

active or common. This embodiment of the present inven- invention the system and method of the present invention 

tion provides steering control through both pulse parameter may be utilized in other embodiments directed to atrial 

control and electrode selection. The control may also incor- defibrillation, atrial arrhythmia prevention, ventricular 

porate switching delivery of stimulus pulses and sensing to 40 defibrillation, and site specific anti-tachycardia therapy. The 

diner a bipolar or unipolar arrangement for further optimi- system and method of the present invention may also 

zation of pulse capture and accurate sensing In a further employ specific lead and pulse output subsystems, 

embodiment of the present invention, electrodes are spa- One important feature and advantage cf the present inven- 

tiaDy separated from one another along a lead Those tion is that it permits stimulation pulses to be steered and 

dectrodes sense cardiac signals, which are c ompar ed to 45 delivered to sdected intracardiac sites with an accuracy and 

determine and verify the origin of the sensed signals as spatial resolution heretofore not attainable in prior art 

arising at specific sites in the atrium or the ventricle. pacing, cardioverting or defibrillating systems. 

In a first specific embodiment of the present invention, a Other objects, features, advantages and embodiments of 

system and method of left atrial pacing are provided, where the present invention will become apparent upon reading the 

a lead having an array of two active electrodes and one 50 detailed description and the claims, 
common electrode is positioned in proximity to the left 

atrium in the coronary sinus. Composite pacing pulses are BRIEF DESCRIPTION OF THE DRAWINGS 

^£^,,£7, ^Jn,^ in S ^ FIG. 1(a) illustrate* a patient's heart ami one embodiment 

generators, where each pulse is controlled at least in respect ~ . _ - * V . o . 

of amplitude and is deport between an active dectarte 55 l^^Ltw 

and a common electrode. Pulse parameters are preferably canuac sues, 

controlled to steer the area of tissue stimulation so that it FTG * 1 ^ illustrates a patient's heart and another embodi- 

sweeps from right, to center and to the left Once output ment of the present invention for steering stimulus pulses to 

pulse parameters are optimized by standard threshold deter- diffCTCnt carafe sites; 

nrinatlon techniques, the values are stored in memory loca- 60 FKi. 1(c) illustrates a patient* s heart and yet another 
tions in the pacemaker. Optimizing output pulse stimulus embodiment of the present invention for steering stimulus 
parameters such as independently programmed pulse pulses to different cardiac sites that is configured for one-, 
amplitude, pulse width, and degree of overlap (or phase) two-, three- or four chamber paring; 
between pulses permits recapture and threshold optimization FIG. 1(4) illustrates a patient* s heart and another embodi- 
in the event of lead dislodgement Thus, an additional 65 ment of the present invention far steering stimulus pulses to 
surgical procedure for repositioning a migrated or dislodged different cardiac sites that is configured for one-, two-, three- 
lead becomes unnecessary. or four chamber pacing; 
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FIG. 2 shows a block diagram of the primary system FIG. 9B shows an alternative five electrode embodiment 

components of the present invention for steering pulses from of the present invention for applying steered pulses to one or 

electrodes positioned within or proximate to the patient's more cardiac targets; 

heart to one or more cardiac sites; FIG. 9C shows an alternative electrode embodiment of 

FIG. 3A shows a block diagram of a pacing system of the 3 the present invention or applying steered pulses to one or 

present invention that provides stimulus pulses steered to a more cardiac targets, where a tubular endocardial lead is 

patient's left atrium and other cardiac sites as part of a employed, and 

multi -chamber pacing system; FIGS. 10(a) through 10(f) show some different embodi- 

FIG. 3B shows a block diagram of the present invention, meats of the lead and electrode sets of the present invention 

where details of the output generator portion of the system 10 for applying steered pulses to one or more cardiac targets, 

of FIG. 3A are shown; DETAILED DESCRIPTION OF THE 

FIG. 3C shows a timing diagram illustrating variations in PREFERRED EMBODIMENTS 

the amplitude components of the individual pulses forming ... . ,„ . . „ , 

the composite pulse of me system of FIG. 3A, where those „ In the claims and spe^caUon herexrf, me term "active 

variationscause steering of the composite pulse to different 15 electrode^ means an anode electrode towards and into which 

atrial locations' electrons flow, and the term "common electrode*' means a 

™- w ' . . . , m-Jm mye * cathode electrode from or away from which electrons flow. 

FIG. 3D shows a block diagram of the pacing system ' 

shown in FIG. 1(c) that provides pacing pulses steered to HKJ. «*) V* 8 ?^ * 2 * **** 

two, three or four chambers of a patient's heart as part of a » and ^ embodiment of the present mvenUoii, where one 

inmu<hamber racing system; lead of the present invention is disposed merewithin, and 

«^ ~- _i_ j • ^ where the lead is configured and adapted to deliver and steer 

I^'I^VJ! bkX * diagram ^!f C ^ VCa ? n? composite stimulus pulses to specific sites. The lead is 

wtode^oftteo*r^g< poslS mat least a portion of the coronary sinus vein, 

of FIG. 3C are shown; fig. 1(a) is ittustratrve, and is not intended to suggest all 

FIG. 4A shows a distal end portion of a lead of the present 25 embodiments of the present invention, 

invention positioned proximate the heart, where the lead has 30 ^ po^oned with its distal end portion in the 

plural electrodes for delivery of respective pacing pulses patient's coronary sinus, and has three electrodes 313233, 

steered to different cardiac sites; where electrode 32 is r*cfcrably a common electrode. In 

FIG. 4B shows a timing diagram illustrating the delivery addition, «Hmni«tnr case 35 may be used as a common 

of one composite steered pulse per cardiac cycle; 30 electrode. Lead 3d is connected to stimulator 45 which is a 

FIG. 4C shows a timing diagram fflustrating the delivery pacemaker, a defibrillator, or a combined pacemaker- 

of two composite steered pulses per cardiac cycle; cardioverter-defibrillator stimulator Lead 38 has conductors 

FIG. 4D shows a timing diagram illustrating the delivery connecting pulse generator outputs from stimulator 34 to 

of three composite steered pulses per cardiac cycle; 35 corresponding dectrodc pairs 3132 and 3332 for delivering 

HG.4E shews a bl«± diagram of a system composite pulses, fodrvidiial pulse parainctm 

for detecting the origin of a sensed signal and to provide steer the composite pulse to a specific site, For example, 

enhanced discrimination of sensed atrial and ventricular pulses may be steered to the right or left atrium from the 

d ottle . location shown in FIG. 1(a), or to both the left atrium and 

no's shows a flow diagram of a roud^ of the rre^itf 40 lrft TCIltridc » « "** <»nnMiuidon thereof . 

invention for carrying out a closed loop adjustment of FIG. 1(b) shows a schematic diagram of a patient's heart 

steering parameters' and another cmbodhnrm of the invention, where one lead of 

FIG 6A shows a sketch of a distal portion of a typical the present Invention is disposed merewirMji, and where the 

rrioT^ l^iscc^^ 

W^hasic^toito pulses f^ 45 stta^pulses ito ^^P?^ m ^ 

Z^Z^T^ V™^ *jL * «u ' right atrium and ri^ ventride, FIG. 1(b) is illustrative, and 

FK3. 6B shows a flow ^^ a ^^ f ^^J^^ is not intended tosuggest all embodiments of the present 

invention for providing closed loop adjustment of steering uveil tioii. 

P^^^^^l^ - . fA Lead 36 is shown in FIG. 1(b), Lead 36 is usually 

FIG. 7A shows ^m^^H^^^^^ 50 employed by itself , but may optk>!ial^ 

present myenhon teving electrodes poolioMd to- apply a tion with lead 30 of FIG. 1(a). 1^36 is likewise coimected 

steered atrial defibrillation or carmwersion stirnuhis to the to stimulator 45 and may have either or both electrode sets 

atrinm; 37, 3*, 39 and 41, 42, 43 disposed thereon. Ventricular 

FIG. 7B shows a perspective view of a pair of leads of the electrodes 37, 38, 39 are preferably connected to receive 

present invention having electrodes positioned to apply a 5J c<Hnponent pulses across pairs 37, 38 and 39, 38 or 

steered ventricular defibrillation or cardioversion stimulus to ^ ^ connected between any one of such electrodes and 

the ventricle; case 35. Atrial de<*rc4a 41, 42, 43 m 

FIG. 7C shows a block diagram of the primary compo- to receive pulse component pulses across pairs 41, 42 and 

nents of a system for the present invention for delivering a 43, 42 or between any one of such electrodes and case 35. 

steered defibrillation or cardioversion stimulus to the elec- ^ fjq x(c) shows a schematic diagram of a patient's heart 

trodes of FIG. 7A or 7B; and yet another embodiment of the invention, where two 

FIG. 8 shows a flow diagram of the primary steps of the leads of the present invention are disposed therewithin, and 

present invention in a routine for applying morphology where the leads are configured and adapted to deliver and 

specific cardiac therapies using steered electrical stimuli; steer composite pacing pulses to a selected chamber, or to a 

FIG. 9A shows a alternative three electrode embodiment 65 selected plurality of chambers. Lead 30 is positioned in the 

of the present invention for applying steered pulses to one or coronary sinus vein, and connected to stimulator 

more cardiac targets; is positioned in the right atrium and right ventricle. FIG. 1(c) 
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is illustrative, and is not intended to suggest all embodiments 
of the present invention. 

Lead 30 is connected to stimulator 45. Lead 30 is pref- 
erably positioned in the coronary sinus vein such that center 
or common electrode 141 Is located near the junction 
between the right and left atria. In this manner, active 
electrodes 140 and 142 may be used to stimulate either or 
both atria, according to the amplitudes and phases selected 
for each the individual pulses emitted by each pair of 
common and active dectrodes 140, 141 and 142. In addition, 
lead 30 is preferably positioned in the coronary sinus vein 
such that electrode 32 is located near the junction between 
the left atrium and the left ventricle. In this manner, active 
electrodes 31 and 33 may be used to stimulate either the left 
atrium or the left ventricle, or both, according to the ampli- 
tudes and phases selected for each the individual pulses 
emitted by each pair of common and active electrodes 31, 32 
and 33. Lead 36 is likewise connected to stimulator 45 and 
has electrode set 38, 39 disposed thereon for pacing stimu- 
lation of the right ventricle. Additionally, case 35 may be 
employed as a common or cathode electrode for any of 
electrodes 140, 142, 31, 33, or 39. 

FIG. 1(d) shows a schematic diagram of a patient's heart 
and stDU another embodiment of the invention, where two 
leads of the present invention are disposed therewithin, and 
where the leads are configured and adapted to deliver and 
steer composite pacing pulses to a selected chamber, or to a 
selected plurality of chambers. Lead 30 is positioned in the 
coronary sinus vein, and connected to sffrmil ator 45. Lead 36 
is positioned in me right atrium andrigbt ventricle. FIG. 1(d) 
is illustrative, and is not intended to suggest all embodiments 
of the present invention, 

In any selected electrode configuration of the present 
invention, appropriate control of individual pulse compo- 
nent parameters is utilized cause the resulting composite 
pulse to be steered to me desired location or cardiac site. For 
example, floating atrium electrodes 41,42,43 may be used 
for atrial pacing in a DDD mode with singjle pass lead 36. In 
any particular dectrode configuration, selected or additional 
electrodes may sense cardiac signals. Although electrode 
sets comprising two active electrodes and one common 
dectrode (eg., two anodes and one cathode) are illustrated 
herein, the electrode sets may comprise a greater number of 
electrodes (a) and may be switchable in conjunction with the 
r«r»m»ir»r or stimulator case as a common dectrode. 

For example, dectrode sets may comprise three active 
electrodes separated by two common dectrodes, three active 
dectrodes positioned between four common electrodes 
where all active electrodes are disposed between two out- 
lying common dectrodes, tour active dectrodes separated 
by three common electrodes, four active dectrodes posi- 
tioned between five common electrodes where all active 
dectrodes are disposed between two outlying common 
dectrodes, and so on. FIGS. 10(a) through 10(0 show some 
of the foregoing embodiments of the leads of the present 
invention. 

For intracardiac pacing applications, dectrode surface 
areas preferably approximately 34-50 mm 2 . Separation 
between each active electrode and a common dectrode 
preferably exceeds about 7 mm. For dectrode placement 
outside a cardiac chamber (such as in the coronary sinus), 
the separation between each neutral dectrode and a common 
dectrode preferably exceeds about 1 cm* The corresponding 
distance between two active dectrodes preferably exceeds 
about 1.4 cm, and most preferably exceeds about 2 cm. In 
defibrillation and other cardioversion applications, dectrode 
surface areas and inter-electrode spacings are greater. 
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FIG. 2 shows a block diagram of the primary components 
of stimulator 45 of the present invention. Generators 1,2 . . 
... n are shown at 46,47,48 and are generators for producing 
pulse components. The generators are enabled or not, and 

S are controlled in respect of pulse parameters and timing by 
pulse parameter and timing control block 64. The sdected 
generator outputs are connected through switch matrix 50 
(also controlled by block 64) so that selected pulse compo- 
nents are connected to sdected dectrodes as shown at 51; 

1Q one or more generator outputs may be connected between a 
selected electrode and stimulator ground 35. Sensed signals 
are routed through switch matrix 50 to sense circuits 52,53, 
54, the outputs of which are connected to microprocessor/ 
threshold detect block 60. 

13 Block 60 performs all the usual and necessary logic and 
tuning functions of a stimulator, and also detects when a 
delivered pulse has resulted in capture. Block 60 also 
determines threshold, and is connected to memory 62, where 
data relating to steering parameters are stored. Parameter 

2Q data are generated internally as a function of the threshold 
detection or are received from an external programmer. As 
a result of the parameter data and tuning determined at block 
60, data for pulse parameter and timing control are coupled 
to block 64. A dosed loop system for controlling the pulse 

u rjarameters of the delivered stimulas pulses is thus provided 
FIGS. 3 A, 3B and 3C show a muld chamber pacemaker 
having the steering feature of the present invention, where 
the left atrium, right atrium, or the right ventride, or any 
combination of those chambers, may be paced with steered 

30 pulses. FIG. 3A is modified in respect of FIG. 2 in U.S. Pat 
No. 5,441,525, the entirety of which is hereby mcorporated 
by reference herein. Although the present invention is 
described in accordance with a microprocessor-based 
architecture, it win be understood by those of ordinary the 

M skill in the art that it may be irnplcrnrjitrxl using other 
technology such as digital logic-based, custom integrated 
(IO architecture, or with any other combination of hardware 
and software familiar to those of ordinary skQl in the art 
FIG. 3A shows pacemaker or stimulator 45 modified in 

40 respect of a conventional DDD pacemaker to provide mul- 
tiple generators (GEN 1^ and GEN 3,4£) for generating a 
plurality of component composite steering pulses for pacing 
the left atrium, the right atrium or the right ventride. 
Generators 1 and 2, shown jointly at 111, have their outputs 

43 coupled through at least one capacitor 117 to lead 30 for 
delivering pulse components between electrode pairs 3132 
(common) and 33,32. The parameters of each pulse com- 
ponent are adjusted to accurately steer the composite pulse 
so that the left atrium is captured. Generators 3 and 4 (shown 

50 at 108) likewise have their outputs connected to lead 36 for 
delivering steered pulses to the right atrium across dectrode 
pairs 41,42 and 43,42. Generator 5 (also shown at 108) is 
connected to distal dectrode 39 or electrode 37 far unipolar 
pacing of the right ventricle, or between active dectrode 39 

55 and common dectrode 38, active electrode 37 and common 
dectrode 38, or between active electrodes 37 and 39 and 
.common electrode 38 far bipolar pacing. Note that dec- 
trode 37 need not be used or even present in lead 36 if tip 
electrode 39 is in contact with and engages cardiac tissue, 

60 Furtfiermore, common dectrode 38 need not be used or even 
present if case 35 is used as a common dectrode in the 
unipolar pacing case. 

Input/Output circuit 70 contains the input and output 
analog circuits and digital controlling and timing circuits 

65 necessary for the detection of dectrical signals originating in 
the heart and sensed by sensors (not shown) connected to 
leads 30 and 36. Input/output circuit 70 further contains the 
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circuitry required for the application of steered stimulating SENSE amplifiers 1<M and 107 produce sense event 

pulses to the heart under the control of software- signals for resetting the escape interval timer within Circuit 

iTupirm^ntrH algorithms in Microcomputer Circuit 72. 90. The electrogram signal provided by EGM amplifier 106 

Microcorr^aCircuit 72c<HnpTises an On-Board Circuit *f used when the planted device is being ; iiiterro- 

74 and an Off-Board CircuttTo. On-Board-Orcuit 74 ' ^ by ttee^ programme 

«»» . «i^v on ^ u^ a ^i transmit by uplink telemetry a representation of the analog 

md^ rmcropr^ on-board ^ UxtrG ^ l ^ patient's deciical heart activity. See, for 

RAM 82 and ROM 84. Off-Board Qrcuit ^eludes ^ us PatNo. 4,556,063 to Thompson ct al., 

off-board RAM/ROM Unit 86. Microcomputer Circuit 72 is 'Telemetry System for a Medical Device,'* incor- 

coupled by Data Communication Bus 88 to Digital porated herein by reference in its entirety. 

ControUer/Ilmer Circuit 90. Microcomputer Circuit 72 may "> ^ pluraUtv ^ ^ generators represented at 

be fabricated of custom IC devices and augmented by 10g ^ U1 provide pacing stimuli to the patient's heart 

standard RAM/ROM components. It will be understood by through output capacitors 114 and 117 and leads 30 and 36 

those skilled in the art that the electrical components rep- m response to pacing trigger signals output by Digital 

resented in FIG. 3A are powered by an appropriate Qmtroller/Timer Circuit 90 each time an escape interval 

implantable- grade battery power source that is not shown 15 times out, an externally transmitted pacing command is 

explicitly. received, or in response to other stored commands. As 

Antenna 92 is connected to Input/Output Circuit 70 for discussed above, each delivered pulse is, in fact, a composite 

upUnVdownlink telemetry through radio frequency (RF) of a plurality of individual component pulses, where each 

Transmitter/Receiver Circuit (RF TX/RX) 94. Telemetry of individual component pulse has a particular programmed or 

both analog and digital data between antenna 92 and an adjusted set of amplitude, duration (width) and phase param- 

external device such as an external programmer (not shown) eters corresponding to it 

is accomplished in a preferred embodiment of the present FIGS. 3B and 3C show a more detailed embodiment of 

invention by first digitally encoding all data and then pulse the present invention for generating and steering pulses. In 

position modulating those data on a damped RF carrier. U.S. FIG. 3B, generators 1-^5 are controlled by control circuit 90 

Fat No. 5,127,404 entitled *Telemetry Format for Implant- 25 m respect of timing and amplitude, duration and phase 

able Medical Device," incorporated herein by reference in parameters. Generator 1 at 121 is coupled through capacitor 

its entirety, describes such a telemetry system. Reed switch CI to lead conductor 31 C connected to the output through 

91 is connected to Input/Output Circuit 70 to enable patient lead 30 to electrode 31. The output of generator 2 at 122 is 

follow-up through telemetry and programming functions. ^ coupled through capacitor C2 on conductor 33C to electrode 

Crystal Oscillator Circuit 96 (typically a 32,768 Hz 33. The pacemaker ground or common is conne<*ed through 
crystal-controlled oscillator) provides main timing clock capacitor CC on conductor 32C to electrode 32. Pulse 
signals to Digital tontrcUer/rimfir Circuit 90. Vref/Bias parameter control circuit 90 determines the direction the 
Qrcuit 98 generates a stable voltage reference and bias composite pulse will have when it is delivered to the left 
currents for the analog circuits of Input/Output Circuit 70. 35 atrium, as illustrated in FIG. 3C 
ADC/Mulripiexer Circuit (ADCYMUX) 100 digitizes analog Thus, for a centrally directed pulse the amplitudes across 
signals and voltages to provide telemetry and a replacement pairs 3132 and 3332 are substantially equal For a right- 
time-indicating signal or end-of-life function (EOL). Power- directed pulse the amplitude across electrodes 3332 is 
On-Reset Circuit (POR) 102 functions to initialize pace- greater than mat across electrodes 3132. For a left-directed 
maker 40 with programmed values daring power-up, and ^ pulse the relative amplitudes are switched so that the pulse 
reset the program values to default states upon the detection originating in generator 1 and delivered across electrodes 
of a low battery condition, or in the presence of certain 3132 has a greater amplitude man that delivered across 
undesirable conditions such as unacceptabiy high electro- electrode 3332. Output pulse parameters may be adjusted 
magnate interference (EMI). by standard threshold determination techniques and opti- 

Operating commands for controlling the timing of pace- 45 raized parameters stored in memory, 

maker 45 in FIG. 3A are coupled by bus 88 to Digital Pulses delivered by lead 36 are generated by generators 

Controller/Tuner Circuit 90, where digital timers set the 123, 124 and 125 and coupled through capacitor C3 and 

overall escape interval of the parrnntfcffr and the various conductor 41 C, capacitor C4 and conductor 43C, and 

refractory, blanking and other riming windows for control- capacitor CS and conductor 39C, respectively, to electrodes 

ling the operation of peripheral components in Input/Output ^ 41*43 and 39. WHk not shown specifically, pulses generated 

Circuit 90. and delivered across electrode pairs 41/12 and 43,42 are 

Digital Contrcller/Timer Circuit 90 is coupled to sense likewise adjusted in amplitude or duration, or both ampli- 

ampliflers (SENSE) 104 and 107 and to electrogram (EGM) mde and duration to optirnizepadn^ 

amplifiers 106 and 1 13 for receiving amplified and pro- those floating electrodes. Since the distal end of lead 36 may 

cessed gj gnjtig representative of the electrical activity of the 55 be anchored in the apex of the right electrode, there is no 

patient's ventricle and atrium, respectively. Those signals need to generate composite steering pulses for delivery to 

are sensed by one or more electrodes 31, 32, 33,37, 38, 39, electrodes 3938- Of course, atrial and ventricular pace 

41, 42, 43, depending on which cardiac sites are being pulses are controlled in respect of the time sequence in 

paced. which they are delivered (as In a conventional DDD 

Although only two sense amplifiers are shown in FIG. 3A, 60 pacemaker), 

a plurality of sense amplifiers and a switching matrix may FIG. 3D shows a Woes: diagram of the pacing system 

also be employed; as, for example, shown in FIG. 2 at 50 and shown in FIG. 1(c) that provides pacing pulses steered to 

at 523334. See also U.S. Pat No. 5,423 ,873, mcorporated one, two, three or four chambers of a patient's heart as part 

herein by reference in its entirety, where a switching of a muM-chamber pacing system, 

arrangement for switching pacemaker output and input 65 FIG. 3E shows a block diagram of the present invention, 

tfTfninflig tn different glertmdes in a mutti-electrode arrange- where details of the output generator portion of the system 

meat is disclosed. of FIG. 3C are shown. 
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We refer now to FIGS. 4A through 4E which illustrate an 
embodiment of the present invention for multi-site pacing 
from a single lead We also refer now to pacemaker or 
stimulator 45 in FIGS. 3A and 3B, and U.S. Pat 5,265,601, 
incorporated herein by reference in its entirety. As illustrated 
in FIG. 4A, the distal end portion of lead 30 is positioned in 
the coronary sinus or deep cardiac vein, and is connected to 
pflcftmalcer 45. For pacing in both the atrium and the 
ventricle, electrode pair 3132 delivers atrial pacing pulses, 
while pair 3332 delivers ventricular pacing pulses. Indi- 
vidual pulse components are preferably generated by gen- 
erators 121 and 122 (as shown in FIG. 3B) and are controlled 
a p pioui iately in respect of amplitude, width and phase. 

As shown in FIGS. 4B, 4C and 4D, pacing of one, two or 
more cardiac sites is possible with the present invention. 
FIG. 4B shows a single composite pulse being generated for 
each cycle, and may be employed to pace the left or right 
atrium. Steering is accomplished by adjusting the relative 
magnitudes of the component pace pulses. For example, the 
magnitude of the signal delivered across electrode pair 3132 
may exceed that delivered across electrode pair 3332. 

FIG. 4C illustrates a pulse train for pacing two cardiac 
sites for each cycle, and may be employed to pace the atrium 
and ventricle separately. For example, the tot pulse com- 
ponents may have unequal amplitudes, phases or widths, 
resulting in steering of the resulting electrical field in a first 
direction; the second pulse components may have equal 
amplitudes, phases or widths, resulting in a straight-ahead 
field pattern. 

For combined atrial and ventricular pacing, composite 
atrial sfamnlating pulses may be of relatively low magnitude 
so mat the ventricle is not stimulated. Likewise, composite 
ventricular pulses may be of relatively high mngnfhirff. but 
may be delivered during the heart's iiamrd refractory period 
so that only ventricular stimulation results. The atrial sense 
amplifier (or amplifiers) may be adjusted to have a lower 
threshold for sensing man the ventricular amplifier, so mat 
lower-magnitude atrial signals exceed only the threshold of 
the atrial amplifiers, while higber-inagnimde ventricular 
signals exceed the threshold of both amplifiers and may thus 
be recognized with appropriate logic. Sec, for example, U.S. 
Fat No. 5,265,601. 

FIG. 4D illustrates a waveform for stimulating three sites, 
where for each cardiac cycle three different composite 
pulses are generated and delivered across electrode pairs 
3132 and 3332. In accordance with this ernrxxtiment of the 
present invention, a third composite pulse may be delivered 
that has a greater voltage across dectrode pair 3332 than it 
does across electrode pair 3132, resulting in the first and 
third composite pulses being steered in different directions. 
Note that steering may be aided or effected by changing 
slightly the phase or width of the individual component 
pulses respecting other individual component pulses. 

FIGS. 4A and 4E show an embodiment of the present 
invention where the capability of a single lead system to 
discriminate between sensed signals originating in the 
atrium and the ventricle is enhanced, permitting better and 
more reliable pacemaker operation. Lead 30 has a pair of 
sense electrodes 149,141 positioned proximal to the distal 
electrodes. When lead 30 is implanted the electrodes are 
positioned close to the atrium. Due to this relative 
positioning, a signal originating in the atrium is detected at 
electrode pair 140,141 before it is detected at electrode pair 
3233. Likewise, a signal originating in the ventricle is 
detected at electrode pair 3233 before it propagates to 
electrode pair 140,141. 
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As shown in FIG. 4E, the signals from the two electrode 
pairs are sensed at electrode pair 104,107 and time- 
compared at compare block 145. Such a comparison may be 
accomplished by simply detecting the leading edge of the 

5 incoming signal and setting a flip-flop to output signal A for 
a signal of atrial origin and to output signal V for a signal of 
ventricular origin. Alternatively, a Doppler detector and 
signal processor may determine the location from which a 
sensed signal has originated. Such a Doppler detector may 

1Q be employed instead of or in addition to electrode pair 
140,141 for sensing pressure waves resulting from a cardiac 
chamber contraction. 

In cardiac pacing applications, the amplitude of each 
pulse component is preferably varied in about 0.5 Volt 

15 increments through a range of about 0.5 to about 7.5 Volts; 
pulse widths are preferably varied in about 0.03 ms incre- 
ments through a range of about 0.03 to about 1.5 ms; phase 
delays of one pulse relative to another are preferably varied 
in about 0.03 ms increments over a range of about -1.0 to 

20 about +1.0 ms. Amplitude variations for defibrillation are 
much greater. Amplitude components may be varied in 
about 25 or about 50 Volt increments over a range between 
about 25 Volts and 750 Volts. 
FK3. 5 presents a simplified, generic flow diagram of the 

23 primary steps involved in practicing one embodiment of 
present invention. Steering, or pulse component parameter, 
data are stored in the pacemaker at 180. Such data may be 
acquired initially by external programmiiig or generated 
automatically by threshold testing. This embodiment of the 

30 present Invention may be capable of delivering types of 
pulses such as pacing or defibrillation pulse, ventricular or 
atrial pulses, left or right atrial pulses, left or right ventricu- 
lar pulses, and the like. A determination is made at 182 
concerning which type of pulse is to be delivered. After the 

35 type of stimulus is determined, appropriate parameter data 
for individual pulse components are determined at 184 for 
the steered pulse that will be delivered The resulting com- 
posite pulse comprising a plurality of synchronously or 
near-synchronously generated individual component pulses 

40 is delivered at 186. A threshold test is performed at 188 to 
determine whether or not capture has occurred. The poise 
delivered at 186 is also compared with a stored threshold 
pulse at 188. Steering parameters may be adjusted at 190 
according to the results of the threshold test made at 188. If 

45 a steering parameter adjustment is made, one of more 
individual pulse component parameters are adjusted at 192. 

It is known to pace the atrium using a pair of floating 
electrodes disposed in the atrium. When such a method is 
employed successfully, effective DDD pacing results using 

50 only one floating lead. FIG. 6A shows a prior art single pass 
lead having two floating atrial electrodes 160 and 162, and 
one or two electrodes 164 disposed at or near the distal tip 
of the lead for ventricular pacing and sensing. Using such a 
configuration, it is known to deliver two opposite phase 

55 overlapping pulses to provide a composite triphasic pulse. 
Each pulse of those pulses is delivered between electrode 
160 or 162 and the pacemaker can, or alternatively between 
electrode 160 and 162. However, biphasic pulses so deliv- 
ered are omnidirectional only. According to conventional 

60 methods, the magnitude of the resulting biphasic pulse may 
be adjusted while attempting to achieve capture. 

Contrariwise, and in lieu of or in addition to merely 
increasing the magnitude of the delivered pulse to cause 
capture, in the present invention atrial or ventricular pacing 

65 pulses may be steered over a range of cardiac sites using 
various orientations and directions until an optimum cardiac 
site or orientation for capturing the atrium is discovered. For 
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example, FIGS. 3A and 3B illustrate circuitry* leads and Reprogramming a defibrillator to deliver increased ampli- 

dectrodes of the present Invention that may be combined to tude pulses increases the degree of pain a patient experi- 

form an improved pacemaker system utilizing a conven- ences when a shock is delivered and also increases patient 

tional VDD pacemaker and steering electrodes, where a anxiety owing to heightened anticipation of the delivery of 

single pass lead 36 is employed. The resulting pacing system 5 the next defibrillation shock. 

is a single pass DDD pacing system embodiment of the fig. 7A shows an embodiment of the present invention 
present invention similar in some respects to known VDD where a lead has three electrodes 241, 242, and 243 posi- 
sy stems using floating electrodes, but having the additional, tioned in the coronary sinus, the lead having a certain initial 
significant advantage of delivering pacing pulses that are orientation and configuration following implantation. The 
steered in an optimum direction or to an optimum cardiac to threshold is initially optimized by adjusting the individual 
site. component pulse parameters corresponding to electrode 
FIG* 6B shows a flow diagram for executing the steps of pairs 241,242 and 213*242. The resulting composite pulse is 
a closed loop system for assuring capture in a DDD pacing preferably steered to permit optimum chronic delivery of 
system having a single pass lead, where pulses are steered in defibrillation pulses. The defibrillator may also be pro- 
accordance with the present invention. At 220 it is deter- 15 grammed to deliver steered defibrillating stimuli which 
mined whether or not an atrial signal is sensed during an stimulate the atrium only, contrary to known systems that 
atrial escape interval having a first predetermined length. If require defihrillflting pulses to be delivered in overlapping or 
an atrial signal is sensed during that interval and the delivery closely timed fashion to prevent undesircd stimulation of the 
of an atrial stimulus is therefore not required, the method ventricle. 

requires stepping to 230, where it is determined whether or if me lead shifts position over time, and as a result 

not a ventricular signal is sensed within a ventricular escape stimulation efficiency decreases, the present invention per- 

interval having a second predetermined length. mtai individual pulse parameters to be re-rxogrammed so 

If no atrial signal is sensed within the atrial escape that the composite defibrillation pulse is once again dehv- 

interval, the method requires stepping to 222 and delivering ered with opthuum efficiency and positional accuracy. In 

an atrial stimulus steered for optimum capture. At 224 it is 25 another embodiment of the present invention, the defibril- 

determined whether or not atrial capture occurred. If such lator may re-program itself by modifying individual pulse 

capture has occurred, one or more individual atrial pulse parameters on a periodic or on-going, continual basis so that 

parameters may be modified at 228 to decrease the stimulus optimum delivery of defibrillation pulses is maintained, 

delivered to the atrial site. If such capture has not occurred, even though the lead shifts position, 

men one or more individual atrial pulse parameters may be 30 pjQ. jq shows a wwtffi^ portion of the rfgfihrffl a tor 

rnodified to change the direction or orientation in which the circuit shown is the figure of U.S. Fat No. 5,269,298, where 

composite pulse is steered. Alternatively, the m a g n itud e of the circuit described and shown thereto is configured for use 

the composite pulse may simply be tacreased. in the present invention. FIG. 7C shows a programmer 250 

At 230 the pacemaker waits to see if a sensed ventricular ^ that preferably communicates by telemetric means with 
signal occurs before the end of the ventricular escape transmittcrAeceiver 251. frogrammer 250 reprograms and 
interval. If such a signal does occur within the ventricular downloads parameter data for each individual pulse corn- 
escape interval, the method is terminated ends and the entire ponent that is to be delivered by the defibrillator, and causes 
process begins anew at 220. If no such ventricular signal the rf*fiHrm*tnr to steer a composite pulse having a certain 
occurs within the ventricular escape interval, then a ven- ^ desired amplitude to a desired cardiac site. Parameter data 
tricular stimulus is delivered. Although not shown explicitly corresponding to the individual pulse components are down- 
in FIG. 6B , the rnemod of the present invention may include loaded to control 254 via transrnitter/receiver 251. Control 
having the pacemaker step through a capture detection circuit 254 controls the delivery of individual pulse corn- 
routine and corresponding threshold adjustment for ven- ponents that conform to the various phase, width and ampli- 
tricular pulses in a manner similar to that described above 45 tude parameters downloaded from programmer 250. 
for atrial pulses. Control circuit 254 controls the charge and discharge of 

FIGS. 7A,7B and 7C illustrate additional embodiments of first caparitor 256 through output circuit 258. For example, 

the present invention for preventing defibrillation and control circuit 254 may determine different or equal charges 

arrhythmia. Atrial defibrillators arc well known and are each capacitor will hold to effect steering. Alternatively, 

typically employed in patients prone to atrial defibrillation. x control circuit 254 may determine equal or different dura- 

U.S. Pat No. 5,269,298, hereby mcorporated by reference in tions of time over which each capacitor discharges to effect 

its entirety, discloses an example of such an atrial defibru- steering. Output circuit 258 delivers a first individual pulse 

lation system. component across electrode pair 241,242. Control circuit 

A major problem respecting known defibrillators is the 254 likewise controls the charge and discharge of second 

pain resulting from the shocks they apply. Those shocks may 55 capacitor 257 through output circuit 259. Output circuit 259 

have energies ranging anywhere from 2 to 35 joules. A lead delivers a second individual pulse component across elec- 

typically used for atrial defibrillator applications is a coro- trode pair 243,242. The combined outputs of output circuits 

nary sinus lead, similar to lead 30 illustrated in FIG. 1, but 258 and 259 result in a delivered composite pulse mat may, 

having electrodes adapted to deliver large defibrillation according to the relative amplitudes, phases and widths of its 

pulses. ft component individual pulses, be steered in a desired direc- 

Lead dislodgment is a relatively common problem in t * on 01 orientation to stimulate a desired cardiac site, 

implanted defibrillators. Small shifts in defibrillation elec- FIGS. 7B and 7C illustrate a two lead system of the 

trode position may result in a lead having to be repositioned present invention for delivering defibrillation pulses to the 

by surgical intervention, or in reroogramming the deflbril- ventricle, where pulses are steered to shock the ventricle 

lator to deliver increased energy pulses. Surgical interven- 65 only. A first lead having a pair of electrodes 245,246 is 

tion to reposition a lead increases patient discomfort and the positioned in the coronary sinus. A second lead having a 

risk of infection, and also increases health care costs. common or indifferent electrode 247 and a standard KV 
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pacing and sensing electrode 248 is positioned in the ven- morphology selected specific therapy disclosed in the '519 
Hide. In this embodiment of the present invention, steered patent to permit delivery of steered pulses to selected 
pulses are delivered between the first lead and the second intracardiac sites. In accordance with the terminology 
lead across electrode pair 245,247 and electrode pair 246, employed in the '5 19 patent, in the present invention one or 
247; conventional ventricular pacing and sensing is effected s more of me following parameters may be adjusted to direct 
across electrode pair 247,248. The amplitude, phase and stimM to selected target sites: intervals; S t -S 2 inter- 
width parameters corresponding to each of the two indi- ^ kngth; pulse amplitude; pulse width and di- 
vidual pulse components delivered across electrode pain tton; scanning ov^eAmdcrdnve; and the pulse, width 
245^47^nd 246^47 are optimized to steer the composite «* P aram f xs ° f oc «nmvid^ component pulses 
pulse to a selected (presunlably^ptimum) site in the ven- 10 formwinrx^ carchovers.on or defibnila&on pulses. In 
Sdl Through appropriate proVannning, individual pulse *» mbo ^ of mc nation, three or more 
component jZnSto^y sub^quen^ be modified tfone elccttodes are preferably employed m a manner 
or^leadVmigrate after inriant similar to that shown in FIGS. 1 and 7 A. 
_ . .. ~ ... . The flow diagram of FIG. 8 shows the primary steps of a 
Theemboitoent of *e present invetmon shown in FIGS. method ^ 8ite 1,*^ ^ sb 4d^ tech- 
«« ) throu gh 2 may be modified^ to jrovide a system for " ^ rfltep8 SL»S At Mock MlparanJer data 
^" d .^« S^^^y^tfa^ cc^respoadingtolifferent morphology .pedfe fex*le« are 
5,403356, mccporated heran by reference m to entoety, sto ^^tiiiiulat0r device. At Mock 282 an arrhythmia 
^ i**? f " ****** trUU ? gle °! is detected. At block 284 an optimum therapy is selected on 

S^" *T S £ OTZC t ln ^ g "^T^ m the basis of me cbaracteistict^anh^mia detected at 

effective refrartory penod The system and method <fis- » ^ ^ ^ ^ ^ obtaincd ^ 

fTHl 356 ^ tent I 50 ^ V ' nt ^f^fff ^T* correspond totte selected optimum therapy. Finally, the 

^ff^^ 1 ^ Sy ^L dlSd ° S ^5 n,he 2 56 ^ therapyb applied at 287 ustog^ered pulses generated 

modified in accordance with the present mventon by imple- *fce ™cted parameter daL 

menting the methods and apparatus shown in FIGS. 7A-7C V™7^~r ■ TL« 

«n& 3B. that is by adding another output stage and * * addJtio, V to «» fi » mlion8 -^ 

providing a first lead havir«toee dectrodc^ present in vennon ^cliKtes wthm its sc^ various other 

77^ .. . . . electrode conflguratiofls such as those shown in FIGS. 9A, 

mthisembodinientofthep 9B and 9C. To provide steered pacing pulses according to 

having two active electrodes and a ground or common ^ t mYcntioil) ^ regardless of the particular elec- 

elec^ <hsposed between the two active electrodes is ^ configuration selected, the distance between active 

T^<^^J^^^^^^ st ^ e electrodes preferably exceeds about 2 centimeters. FIG. 9A 

an area cfiiitracardiac tissue m or near me 8ho ws a distal portion of a lead having two elongated 

A composite pulse is emitted by the first lead, where peripheral electrodes 291,292 and acertralry^sposed small 

individual pulse con^m r^m^ are ad^isted to steer ^ctndt m Most preferably, electrode 293 is a common 

me ccmposile pulse toward an optimum pacing site in or cafcofe or ground art elec^ 291 and 292 are preferably 

near mc Triangle of Koch. A second lead, also ^having two OT active electrodes. Individual pulse components are 

active electrodes and a ground or common ehx±rode cis- delivered ^ electrode pairs 291,293 and 292,293. The 

posedbetween the two active electrodes, is 1 rx^onedinthe ^ ^ dc ctrodes provide improved steexabil. 

r^t atrial appea^ ^ ^ directional control characteristics respecting ring 

the second lead, where individual r^se coirmonent pn«am- electrodes. The electrode configuration shown in FIG. 9 A is 

etcrs are a^usted to steer the composite ^toward an most ^ ^ wnen epicardial or patch-type electrodes are 

optirnum atrial site for ar^^ e^ oyc d, but may also be adar^ for use wim transvenous 

nnas ' ... leads. 

If either of the two leads migrates after impl a ntati on, or if pjQ 93 illustrates another electrode configuration of the 

me mrcsbold required for chronic stimulation changes after ^ present invention where four active electrodes 296, 297, 

nnplantation, individual pulse component parameters may 298, and 299 are employed in carnbination with common 

bereprogramrned and modified to account for those changes electrode 300 to provide various selectable combinations of 

by redirecting or resteering pacing or antiarrhythmia stimuli electrode pairs. 

to optimum sites. According to this embodiment of the nG 9c shows a conventional transvenous lead rnodified 

present invention, pacing and anh-arrhytoima thresholds ^ ^ accordance with the present invention, where at least three 

may be reduced to levels lower ton those previously Ht ^ dc ctrodes irovide enhanced composite pulse 

attamable because ^^pabnity. this eiiibc^ment ofmTpresart 

be effecte4moie precisely and accurately than has been elcctrodcs 306, 307 and 308 are disposed on or 

possible heretofore. near the distal end of lead 305. Hectrodes 306 and 308 are 

US. Fat No. 5,447^19, incorporated herein by inference 55 act 2 ve dectrodes, while electrode 307 is a ground or conv 

in its eimrety, describes a method and apparatus for the mon dectrodc. Each dectrodc rxcf oraWy forms a portion of 

detection of roonomorphic and polymorphic arrhythmias, A spirally wound ring and hfl s n rft^i^ apanmng |r*<<i ^an iftfl 

and the selection of an ar^ropriate therapy based upon that degrees. The dectrodes are spaced sequentially along the 

detection. In the *519 patent, mcrpbology specific merapies distal end of lead 305 and preferably do not overlap, 

are sdected when the antitachyarrriythmia device is w Alternatively, the dectrodes may have multiple turns, may 

implanted Those selected therapies are stored along with overlap but not touch or be contiguous over some longitu- 

cc^responding waveforms chosen on the basis of their Hi ml portion of the lead, or may have a radius spanning 

efficacy for t erminatin g certain tachyarrhythmias. more than 36O degrees. Common or ground electrode 307 is 

In another embodiment of the present invention, the typically disposed between active dectrodes 306 and 308. 

selected merapies of the '5 19 patent are effected utilizing the 65 The two active electrodes may have multiple turns, while the 

steering technique of the present invention. Thus, the steer- common dectrodc between them may have only one or a 

ing technique of the present invention is combined with the fraction of a turn. This lead and dectrodc configuration of 
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the present invention can provide increased flexibility in 
steering applications. 

FIGS. 10(a) through !•(/) show some different embodi- 
ments of the lead of the present invention. In FIGS. 10(a) 
through 10(f), active electrodes are shown with solid 
shading, while common electrodes are shown with hatched 
shading. FIG. 10(a) shows a lead having two active elec- 
trodes and three common electrodes, where both active 
electrodes are disposed between two outlying common 
electrodes. FIG. 10(6) shows a lead having three active 
electrodes separated by two common electrodes. FIG. 10(c) 
shows a lead having three active electrodes and four com- 
mon electrodes, where all three active electrodes are dis- 
posed between two outlying common electrodes. FIG. 10(d) 
shows a lead having four active electrodes separated by 
three common electrodes. FIG. 10(e) shows a lead having 
four active electrodes and five common electrodes, where all 
four active electrodes are disposed between two outlying 
common electrodes. FIG. 10(/) shows a lead having five 
active electrodes separated by four common electrodes. 



steering the delivery of composite steering pulses to an 
effective site when said lead distal end is positioned in 
the patient's left atrium. 

2. The pacing system as described in claim 1, wherein said 
steering means has means for selecting relative pulse ampli- 
tudes for each of the pulse outputs. 

3. The pacing system as described in claim 1, wherein said 
steering means has tp^ps for selecting pulse magnitude and 
pulse polarity for each of said pulse outputs. 

4. The pacing system as described in claim 1, further 
comprising capture detection means for determining when a 
pair of pulse outputs delivered from said lead electrodes has 
captured the patient's atrium. 

5. The pacing system as described In claim 4, comprising 
adjusting means for controlling said steering means to adjust 

15 said at least one pulse parameter through a predetermined 
sequence of parameter values, and parameter reset means for 
resetting said at least one parameter as a function of whether 



10 



capture is determined for each said parameter value. 
6. The pacing system as described in claim 1^ wherein said 

will now beco^apparent io those skilled in the art mat 20 puke generating means comrxises ajph^ty of P^cgen- 
w . ww™ "ff™ 1 w »muw iu ^ «» •*» erators controllable to Kenerate respective pulse outputs, 
other variations, permutations and combinations of the lead gen™* |WW ^ 



and electrode configurations set forth in FIGS. 1 through 
10(f) and described in the specification hereof may be 
employed in pacing, cardioverting or defibrillating 
applications, and that such variations, permutations and 
combinations fall within the scope of the present invention. 

In the claims, means-plus-function clauses are intended to 
cover the structures described herein as performing the 
recited function and not only structural equivalents but also 
equivalent structures. Tims, although a nail and a screw may 
not be structural equivalents in that a nail employs a cylin- 
drical surface to secure wooden parts together, whereas a 
screw employs a helical surface, in the environment of 
fastening wooden parts a nail and a screw are equivalent 
structures. 

Although only a few exemplary embodiments of the 
present invention have been described in detail above, those 
skilled in the art wul appreciate readily that many modifi- 
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said lead comprises a plurality of electrodes, and further 
comprising switching means for switching predetermined 
ones of said generator outputs to selected ones of said 
electrodes. 

7. The pacing system as described in claim 6, wherein said 
control means controls said generators to generate a plurality 
of composite pulses each cardiac cycle, each of said com- 
posite pulses being comprised of at least two substantially 
concurrent pulses controlled with respect to said pulse 
parameters. 

8. The pacing system as described in claim 1, wherein said 
lead has a first set of electrodes for delivering steering pulses 
to a patient's atrium and a second set of dectrodes for 
delivering steering pulses to a patient's ventricle, 

9. The pacing system as described in claim 1, comprising 
sensing means for sensing patient natural cardiac signals at 
selected ones of said electrodes and rurmer comprising sense 
switching means for switching respective ones of said 



canons are possible in the exemplary embodiments without ^ electrodes to said sense switching means at controlled times, 
~ ■ " ' ' " " 10. A pacing system for chamber pacing of a patient, 

comprising: 

pulse generator means for gener a ting pacing pulses for 
delivery to the patient's heart, having first pulse means 
for generating first pacing pulses, said first pulses 
having controllable respective first magnitude, polarity 
and phase values, and second pulse means for gener- 
ating second pacing pulses substantially coocurrently 
with said first pulses, said second pulses having con- 
trollable respective second magnitude, polarity and 
phase values; 

a pacing lead connected to said pulse generator means to 
receive said first and second pulses, said lead having a 
distal end portion adapted for positioning proximate to 
or in the patient's heart, said distal end portion having 
first and second active dectrodes and a common 
electrode, and connecting means for connecting said 
first pacing pulses between said first dectrode and said 
common dectrode and for connecting said second 
pacing pulses between said second electrode and said 
common electrode; and 
control means for controlling said pulse generator means 
to generate respective steered ventricular and atrial 
pacing pulses, each of which steered pulses is a com- 
bination of a said first and a said second pulse, and 
steering means for controlling said first and second pulse 
means so as to select a first set of values of magnitude, 



materially departing from the novel teachings and advan- 
tages of the invention. Accordingly, all such modifications 
are intended to be included within the scope of the present 
invention as defined in the following claims. 
We claim: 

1. A pacing system for pacing in at least a patient's left 
atrium, comprising: 

a multiple electrode lead for pacing in the patient's left 
atrium, said lead having a distal end and at least two 
anode dectrodes and one cathode electrode positioned 
near said distal end, said dectrodes being spaced from 
each other with a predetermined geometry, said lead 
having a proximal end for connecting to a pulse 
generator, and respective conductors connecting the 
respective electrodes to said proximal end, 

pulse generator means for generating at least two pulse 
outputs and delivering a first of said outputs between a 
first of said anode electrodes and said cathode 
electrode, and for delivering a second of said outputs 
between the second of said anode electrodes and said g) 
cathode electrode, said pulse outputs having 
T^^gmturf^ polarity and phase parameters, 

control means for controlling each of said pulse outputs 
with respect to at least one of said pulse parameters, 
and 

steering means for selecting said at least one pulse param- 
eter for each pulse output so as to generate pulses for 
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polarity and phase for each of said first and second 
pulses when said pulse generator generates a ventricu- 
lar pacing pulse, and a second set of values of 
magnitude, polarity and phase far each of said first and 
second pulses when said pulse generator generates an 
atrial pacing pulse. 

11. The system as described in claim 10, wherein said 
control means comprises timing means for controlling the 
timing of respective generated ventricular and atrial pulses. 

12. Hie system as described in claim U, comprising 
sensing means connected to said active electrodes and said 
common electrode for sensing electrical signals from the 
patient's heart, and wherein said timing means controls said 
timing as a function of said sensed electric signals. 

13. The system as described in claim 12, comprising 
additional sensing means located apart from said lead distal 
end portion for sensing patient cardiac signals, and deter- 
mining means for determining from said sensed cardiac 
signals whether they represent atrial or ventricular signals. 

14. A pacing system for dual chamber pacing of a patient 
comprising? 

pulse generator means for generating pacing pulses for 
delivery to the patient's heart, having first pulse means 
far generating first pacing pulses, said first pulses 
having controllable respective first magnitude, polarity 
and phase values, and second pulse means for gener- 
ating second pacing pulses substantially concurrently 
with said first pulses, said second pulses having respec- 
tive second magnitude, polarity and phase values inde- 
pendently controllable from the first values; 

a single pass pacing lead, said lead having a distal portion 
for positioning in a patient's right ventricle and an 
intermediate portion positioned for floating in the 
patient's right atrium, said intermediate portion having 
first and second active electrodes and a common 
electrode, and at least one pacing electrode positioned 
substantially at the distal portion of said lead, a proxi- 
mal end for connecting to said pulse generator means, 
and connecting means for connecting said first pulse 
signals to said first electrode and said common elec- 
trode and said second pulse signals to said second 
electrode and said common electrode; and 

steering means for controlling said first pulse means with 
a selected first set of values of rnagnmide, polarity, and 
phase and for controlling said second pulse means with 
a selected second set of values of magnitude, polarity 
and phase, thereby delivering a steered atrial composite 
pacing pulse to said patient's right atrium. 

15. The system as described in claim 14, further com- 
prising control means for controlling said pulse generator 
means to generate ventricular pacing pulses, and ventricular 
connecting means for connecting said generated ventricular 
pacing pulses to said at least one distal electrode. 

16. The system as described in claim 15, wherein said 
control HK^i nB comprises timing ro wa ns for controlling the 
timing of respective generated ventricular and steered atrial 
pulses. 

17. The system as described in claim 14, further com- 
prising capture detection means for determining when a 
delivered steered atrial pace pulse achieves atrial capture, 
and 

threshold detecting means operative together with said 
capture detection means for detennining capture 
threshold for said steered atrial pulses. 

18. The system as scribed in claim 17, further com- 
prising search means for varying at least one parameters of 
said first and second pacing pulses of said atrial pulse, and 
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searching for a set of parameter values corresponding to 
optimum threshold for pacing the patient's atrium 

19. A pacing system for generating and delivering steered 
composite pace pulses to at least a plurality of sites in a 

5 patient's heart, comprising: 

generator means, comprising a plurality of generators for 
delivering respective stimulus pulse components, each 
of said generators having outputs controllable with 
respect to at least the amplitude and polarity of its pulse 
10 component; 

electrode means for providing a plurality of electrodes at 
different respective cardiac positions in the patient's 
heart, said electrode means providing at least three 
electrodes constituting two active electrodes and one 
common electrode at each respective cardiac position; 
a plurality of sense amplifiers for sensing natural heart 
beat signals from selected ones of said patient posi- 
tions; 

switch matrix means for connecting selected ones of said 
generator outputs to respective selected ones of said 
electrodes, and selected ones of said electrodes to 
selected ones of said sense amplifiers, said matrix 
connecting composite stimulus pulses consisting of 
plural pulse components to selected ones of said posi- 
tions; and 

23 pulse parameter and timing control means for controlling 
the connections made by said switch matrix means, 
whereby selected cardiac sites receive steered compos- 
ite tfftniihifl pulses and said composite stimulus pulses 
are timed as a function of sensed patient natural heart- 
beat signals. 

20. The system as described in claim 19, comprising 
threshold detection means for H**»rring when a given one of 
said composite stimulus pulses results in cardiac capture, 
and means for controlling said component parameters as a 
function of said threshold detection. 

2L A method of delivering a steered pacing stimulus to at 
least one site in a patient's heart, comprising: 

storing steering parameter data including at least ampli- 
tude and polarity data of at least two pulse components 
of a steered composite pulse having said at least two 
components, said at least two components being inde- 
pendently controllable and at least partially overlap- 
ping respecting times, 
selecting parameters of said at least two pulse compo- 
nents; 

delivering to said site a composite steered stimulus having 

said at least two component pulses; 
determining when adjustment of said composite pulse can 
50 provide for more effective steering; and 

adjusting said steered composite pulse by changing one or 

more of said selected pulse component parameters. 

22. The method as described in claim 21, comprising 
initially positioning an array of electrodes within or proxi- 

55 m ** f to the patient's heart, »nrt wherein said delivering step 
comprises delivering said steered composite pulse across 
said array of electrodes. 

23. The method as described in claim 22, comprising 
positioning three electrodes within the patient's subclavian 

60 vein, wherein said delivering step comprises delivering a 
two-cornponent pulse, a first of said components being 
delivered between a first and second of said dectrodes, and 
a second component pulse being delivered between said 
second and a third of said electrodes. 

63 24. The method as described in claim 25, comprising 
selecting said pulse component parameters to steer a stimu- 
lus pulse to me patent's left atrium. 
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25. The method as described in claim 22, comprising 
selecting stimulus parameter data for first and second steered 
srimniufi pulses, and comprising delivering first and second 
steered stimulus pulses to respective different cardiac targets 
during a patient cardiac cycle, 

26. The method as described in claim 21, comprising 
selecting said stimulus parameter data for delivering a 
pacing pulse to a selected one of the patient's heart cham- 
bers. 

27. The method as described in claim 26, comprising 
selecting said stimulus parameter data fox delivering a 
defibrillation pulse to the patient's right atrium. 

28. The method as described in claim 26, wanprising 
selecting said stimulus parameter data for delivering a 
defibrillation pulse to the patient's rigjit ventricle. 

29. The method as described in claim 21, comprising 
positioning an array of floating electrodes in the patient's 
atrium, and wherein said step of delivering a steered stimu- 
lus pulse comprises delivering said steered pulse to the 
patient* s atrium by delivering it across said array of floating 
electrodes. 

30. The method as described in claim 21, comprising 
determining whether a delivered steered atrial stimulus pulse 
results in atrial capture, and further comprising adjusting 
said atrial stimulus pulse as a function of whether atrial 
capture has been sensed 

31. The method as described in claim 21, wherein said 
step of storing parameter data comprises staring parameter 
data corresponding to morphology specific therapies, and 
further comprising the steps of: 

detecting a patient arrhythmia; 
selecting a therapy as a function of said detected arrhyth- 
mia; 

retrieving from said stored parameter data parameter data 
corresponding to the selected therapy; and 

administering said selected therapy by delivering steered 
composite pulses having pulse components controlled 
with said parameter data. 

32. An implantable system for delivering pacing stimulus 
pulses to at least one selected cardiac site in a patient, 

^YimjiTi mug ? 

generator means for generating a composite pulse having 
at least two pulse components; 

a lead for delivering said two pulse components to an area 
in or proximate to the patient's heart, and 

control means far independently controlling the param- 
eters of each of said pulse components for steering said 
composite pulse to said selected site, wherein said 
generator means has means for generating a composite 
pacing pulse, and said control means comprises param- 
eter adjustment means for adjusting one or more of the 
amplitude, pulse width and phase of each of said pulse 
components. 

33. The system as described in claim 32, wherein said 
parameter adjustment mrem* comprises amplitude increment 
means for mcrementing the amplitude of a said pulse 
component by a predetermined mcrcment. 

34. The system as described in claim 33, wherein said 
parameter adjustment means comprises pulse width means 
for mcrementing the pulse width of a said pulse component 
by a predetermined increment 

35. The system as described in claim 34, wherein said 
parameter adjustment means comprises phase means for 
adjusting the phase of a said pulse component by a prede- 
termined increment 

36. The system as described in claim 32, wherein said lead 
has at least three electrode* comprising at least two common 
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electrodes and at least one active dectrode, and conductor 
means far delivering a first of said pulse components across 
a first of said common electrodes and said active electrode 
and a second of said pulse components across the other of 
said common electrodes and said active dectrode. 

37. The system as described in claim 32, wherein said lead 
has at least three electrodes comprising at least two active 
electrodes and at least one common electrode, and conductor 
ttiftang for delivering a first of said pulse components across 
a first of said active electrodes and said common electrode, 
and a second of said pulse components across the other of 
said active electrodes and said common electrode. 

38. The system as described in claim 37, wherein each of 
said electrodes is separated by a distance of at least 1 cm. 

39. The system as described in claim 37, wherein said two 
active electrodes are separated by a distance of at least 2 cm. 

40. An implantable pacing system, comprising: 

a multiple electrode lead for pacing a patient's heart 
having at least two anode electrodes and at least one 
cathode electrode positioned thereon, said electrodes 
being spaced from each other with a predetermined 
geometry, said lead having a proximal end for connect- 
ing to a pulse generator and respective conductors 
connecting the respective electrodes to said proximal 
end; 

pulse generator means for generating at least two pulse 
outputs and delivering a first of said outputs between a 
first of said anode electrodes and said cathode 
electrode, and for delivering a second of said outputs 
between a second of said anode dectrodes and said 
cathode dectrode, said pulse outputs at least partially 
overlapping in respect of time and having roagmtude, 
polarity and phase parameters; 

control means for independently controlling each of said 
pulse outputs with respect to at least one of said pulse 
parameters, and 

steering means for selecting said at least one pulse param- 
eter for each pulse output so as to generate pulses far 
steering the delivery of composite steering pulses to an 
effective site when the electrodes are positioned in the 
patient's heart 

4L A pacing system, comprising: 

a mnmple electrode lead for pacing a patient's heart 
having at least two cathode dectrodes and at least one 
anode electrode positioned thereon, said electrodes 
being spaced from each other with a predetermined 
geometry, said lead having a proximal end for connect- 
ing to a pulse generator and respective conductors 
connecting the respective dectrodes to said proximal 
end; 

pulse generator means for generating at least two pulse 
outputs and delivering a first of said outputs between a 
first of said cathode electrodes and said anode 
dectrode, and for delivering a second of said outputs 
between a second of said cathode dectrodes and said 
anode electrode, said pulse outputs at least partially 
overlapping in respect of time and having magnitude, 
polarity and phase parameters, 

control means for independently controlling each of said 
pulse outputs with respect to at least one of said pulse 
parameters, and 

steering means for selecting said at least one pulse param- 
eter for each pulse output so as to generate pulses for 
steering the delivery of composite steering pulses to an 
effective site when the dectrodes are positioned in the 
patient* s heart 
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42. A pacing system, comprising: 

a multiple electrode lead for pacing in a patient's heart 
having at least three electrodes of alternating first and 
second polarities positioned thereon, at least two elec- 
trodes having the first polarity, at least one electrode 
having the second polarity, said electrodes being 
spaced from each other with a predetermined geometry, 
said lead having a proximal end fox connecting to a 
pulse generator and respective conductors connecting 
the respective electrodes to said proximal end; 

pulse generator means for generating at least two pulse 
outputs and delivering a first of said outputs between a 
first of said at least two first polarity electrodes and said 
at least one second polarity electrode, and for deliver- 
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ing a second of said outputs between a second of said 
at least two first polarity electrodes and said at least one 
second polarity electrode, said pulse outputs having 
magnitude, polarity and phase parameters; 

control means for independently controlling each of said 
pulse outputs with respect to at least one of said pulse 
parameters, and 

steering means for selecting said at least one pulse param- 
eter for each pulse output so as to generate pulses for 
steering the delivery of composite steering pulses to an 
effective site when said electrodes are positioned in the 
patient's heart 
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